Background: This study aimed to assess the contribution of material, behavioural, cultural and psychosocial factors in the explanation of socioeconomic inequalities (education and income) in oral health of Dutch adults. Methods: Cross-sectional data from participants (25-75 years of age) of the fifth wave of the GLOBE cohort were used (n = 2812). Questionnaires were used to obtain data on material factors (e.g. financial difficulties), behavioural factors (e.g. smoking), cultural factors (e.g. cultural activities) and psychosocial factors (e.g. psychological distress). Oral health outcomes were self-reported number of teeth and self-rated oral health (SROH). Mediation analysis, using multivariable negative binomial regression and logistic regression, was performed. Results: Education level and income showed a graded positive relationship with both oral health outcomes. Adding material, behavioural, cultural and psychosocial factors substantially reduced the rate ratio for the number of teeth of the lowest education group from 0.79 (95% confidence interval (CI): 0.75-0.83) to 0.92 (95% CI: 0.87-0.97) and of the lowest income group from 0.80 (95% CI: 0.73-0.88) to 1.04 (95% CI: 0.96-1.14). Inclusion of all factors also substantially reduced the odds ratio for poor SROH of the lowest education group from 1.61 (95% CI: 1.28-2.03) to 1.12 (95% CI: 0.85-1.48) and of the lowest income groups from 3.18 (95% CI: 2.13-4.74) to 1.48 (95% CI: 0.90-2.45). Conclusion: In general, behavioural factors contributed most to the explanation of socioeconomic inequalities in adult oral health, followed by material factors. The contribution of cultural and psychosocial factors was relatively moderate.
Introduction
O ral diseases affect nearly 4 billion people worldwide. 1 They lead to substantial negative impacts on social functioning, educational and work performance and quality of life. 2, 3 The burden of oral diseases is disproportionately high among socially disadvantaged population groups. 4 As with other chronic diseases, socioeconomic inequalities in oral health are not simply differences between 'the rich' and 'the poor'-they are characterized by a linear socioeconomic gradient, with oral health being worse with each lower position in the social hierarchy. Socioeconomic gradients have been consistently demonstrated for dental caries, periodontal disease and tooth loss, irrespective of the indicator of socioeconomic position (SEP). [5] [6] [7] [8] The mechanisms underlying socioeconomic inequalities in oral health are not sufficiently understood, which is obstructing progress to address the problem. Yet, proposed explanations can benefit from a rich literature on the explanation of socioeconomic inequalities in health. 9, 10 Suggested theories of mechanisms include the material explanation, the behavioural explanation and the psychosocial explanation. 11 The material explanation argues that people with a lower SEP lack the material and financial resources to secure goods and services that are essential for a healthy life, such as adequate housing and healthcare. 12 For example, limited financial means can restrict people's ability to afford high quality dental treatment and prevention. 13 The behavioural explanation asserts that health inequalities are the result of clustering of health-compromising behaviours in lower socioeconomic groups. Behaviours, such as smoking, sugar-snacking, low fruit and vegetable consumption, poor oral hygiene and irregular dental attendance, have been associated with an increased risk of oral diseases and these behaviours are more prevalent in individuals of lower SEP. 14, 15 In addition, there is growing recognition that individual behaviour is largely influenced by the social environment. This is captured in the psychosocial explanation, which emphasizes the important role of social networks to provide opportunities for social support that are beneficial to health. 16 It also argues that health inequalities result from differences in experienced psychological distress among socioeconomic groups. 11 Psychological distress-e.g. as a result of financial difficulties, low levels of social support and negative life events-could directly affect oral health via neurobiological pathways. 17 Indirectly, it could undermine people's capacity and vigilance to look after their oral health, which increases the likelihood of poor oral hygiene and episodic use of dental care. 18 Lastly, recent research suggest that people's cultural resources, such as owned books and participation in cultural activities, may also contribute to the explanation of health inequalities. Cultural resources are unequally distributed among socioeconomic groups and are suggested to influence health behaviour through information, health literacy and norms acquired through socialization. 19 However, research on their role in oral health inequalities is scarce.
It is likely that a combination of the aforementioned theories underlie socioeconomic inequalities in oral health. Watt and Sheiham 20 incorporated the existing theories into one conceptual framework, which describes how the SEP of individuals affects oral health through material, behavioural, cultural and psychosocial determinants. To date, few studies have empirically studied all groups of determinants in the relationship between SEP and oral health simultaneously. Therefore, the aim of this cross-sectional study was to assess the contribution of material, behavioural, cultural and psychosocial factors in the explanation of socioeconomic inequalities (education and income) in oral health of Dutch adults.
Methods

Study sample and design
Subjects were participants in the fifth wave of the GLOBE study-an open population cohort study on socioeconomic health differences in the Netherlands. The GLOBE study was initiated in 1991, for which a random sample of non-institutionalized persons (age 15-74) was recruited from 18 municipal population registers in the city of Eindhoven and surrounding villages in The Netherlands. Detailed information on the objectives, design and data collection of the study are available elsewhere. 21 The GLOBE study has been registered with the Dutch Data Protection Authority (number 1248943).
For the purposes of this study, cross-sectional data from the fifth wave (2014) were used. A postal questionnaire was sent to 10 668 persons, comprising 4886 (45.8%) participants of the original GLOBE cohort, supplemented with a random sample of 5782 (54.2%) newly selected persons from the municipal registers. Of the respondents (n = 4851, response 45.5%), those between 25 and 75 years old and (still) living in the city of Eindhoven and surroundings were eligible for the study, to ensure representativity of the target population. This resulted in a total sample of 2812 participants (1114 participants from the original GLOBE cohort).
Oral health
Two measures of oral health were used as dependent variables: selfreported number of natural teeth and self-rated oral health (SROH). Participants were asked to state how many natural teeth they have (including wisdom teeth). 22 The number of natural teeth provides a quantitative estimate of the accumulated burden of experienced oral disease, with lower numbers often reflecting tooth extractions as a consequence of severe dental caries or periodontal disease. The variable was used as a count variable. SROH was assessed by the question: 'In general, how would you rate your oral health?' (coded: excellent, good, fair, poor and very poor). 23 The variable was dichotomized into good (excellent, good) and poor (fair-very poor). Good levels of agreement with clinical assessments have been reported for both questions.
22,23
Education level and income
Three groups of highest completed education level were distinguished using the International Standard Classification of Education (ISCED) 24 : low (primary education, lower vocational education and lower secondary education, ISCED 0-2), middle (intermediate vocational education and higher secondary education, ISCED 3-4) and high (higher vocational education and university, ISCED 5-7). The question on net household income included five categories: E0-1200/month, E1200-1800/month, E1800-2600/month, E2600-4000/month and >E4000/month.
Material, behavioural, cultural and psychosocial factors
Material factors included housing tenure (coded: owned house, private rent and social rent) and financial difficulties (coded: no difficulties, small difficulties and big difficulties). Financial difficulties were assessed using two questions, including difficulties in the last year with paying food, rent, electricity bills, etc. and perceived difficulties with living on the monthly income.
Included health behaviours were dental attendance (coded: regularly visiting the dentist for a check-up, occasionally visiting the dentist for a check-up, only visiting the dentist for treatment or problems/never visiting the dentists), smoking (coded: nonsmoker, former smoker and current smoker) and consumption of the recommended fruit and vegetable intake (coded: yes, no). According to Dutch national dietary guidelines, adults are recommended to eat at least 200 grams of vegetables and two piece of fruit per day. To measure whether participants met both these criteria, they were asked about the frequency of eating fruit and vegetables on a weekly basis, and the amount of fruit (number of pieces) and vegetables (serving spoons of 50 grams) they normally ate per occasion.
Two cultural factors were measured: the number of cultural activities per year, including visits to a museum, the opera or the ballet, a classical or popular concert, the theatre and architecture (coded: none, 1-2 activities, 3-4 activities and !5 activities) and the number of owned books (coded: !200 books, 101-200 books, 26-100 books, 11-25 books and 0-10 books).
Psychosocial factors included psychological distress (coded: no, yes), health-related support (coded: yes, no) and social network size, which was defined as the number of family members with close personal contact (coded: !3 family members, 1-2 family members, none). Psychological distress was determined using the methods of the mental health inventory (MHI-5), 25 which includes five items on anxiety, depression, positive affect and emotional control. To measure health-related support, participants were asked if they had someone to support them if they want to lose weight, become more physically active, quit smoking, drink less alcohol, eat healthier or receive medical advice. Participants who responded 'no' to all six items were classified as having no health-related support.
Demographic factors
Demographic factors included gender (coded: male, female), age (continuous), country of birth (coded: Netherlands, other) and cohabitation (coded: yes, no).
Statistical analysis
Statistical analyses were conducted in STATA, version 13 (StataCorp LP, College Station, Texas). A mediation analysis approach was followed. 26 Multivariable regression was used to assess the association of education level and income with the number of teeth [negative binominal regression, expressed in rate ratios (RR)] and SROH [logistic regression, expressed in odds ratios (ORs)], adjusted for demographic factors. The associations were subsequently adjusted for material factors (model 1), behavioural factors (model 2), cultural factors (model 3), psychosocial factors (model 4) and for all explanatory factors simultaneously (model 5). Significant factors (P < 0.05) were retained in the model using stepwise backward selection. Factors were interpreted to contribute to the explanation of oral health inequalities if adjustment for the factor attenuated the regression coefficients for education level or income. Interaction terms between education level or income and each of the factors were tested and, if present, reported.
Missing data were handled using multiple imputation. 27 Five imputed datasets were created and all variables were used to inform the imputation model. The oral health outcome variables were not imputed. All analyses were weighted to account for the sampling strategy within the GLOBE study.
Results
The study sample consisted of 2812 participants (45% male) with a mean age of 48.9 (SD: 15.6) years (range . The characteristics of the study sample are described in a Supplementary table. The mean number of natural teeth of participants was 24.4 (SD: 9.4), and 208 participants (8%) were edentulous ('0' natural teeth). Seven hundred and one participants (25%) reported to have poor oral health.
Education level and income showed a graded relationship with both oral health outcomes (tables 1-4, crude estimates in first column and footnote). Those in the lowest education and income category had 21 and 20% less natural teeth (RR = 0.79 and 0.80) and Factors in the explanation of oral health inequalities1.61 and 3.18 higher odds of poor SROH, respectively, compared with the highest education and income category (after adjustment for age, gender, ethnicity and cohabitation). Table 1 shows that the association between education level and the number of teeth was attenuated by the inclusion of material factors (model 1), behavioural factors (model 2) and cultural factors (model 3) but not by psychosocial factors (model 4). In the full model (model 5), the simultaneous inclusion of material, behavioural, psychosocial and cultural factors substantially attentuated the RR for number of teeth of the lowest education category from 0.79 (95% confidence interval (CI): 0.75-0.83) to 0.92 (95% CI: 0.87-0.97). However, the association between education level and the number of teeth remained statistically significant. In the full model, rented housing, irregular dental attendance, smoking and owning <25 books were significantly associated with a lower number of natural teeth. Table 2 shows that the association between income and the number of teeth was moderately attenuated by the separate inclusion of material, behavioural and cultural factors (models 1-3). Joined inclusion of all factors (model 5) substantially reduced the slope of the income gradient to a point where the association between income and number of teeth almost lost its statistical significance; the RR for the number of teeth of the lowest income category altered from 0.80 (95% CI: 0.73-0.88) to 1.04 (95% CI: 0.96-1.14). In addition to housing tenure, dental attendance, smoking and the number of books, the number of cultural activities and social network size were significantly associated with the number of natural teeth in the full model.
As presented in table 3, the association between education level and SROH disappeared after the inclusion of behavioural factors (model 2), which suggests that irregular dental attendance, smoking and low fruit and vegetable consumption substantially accounted for the association between low education level and poor SROH. In the full model (model 5), all factors combined substantially attenuated the OR for poor SROH of the lowest education category from 1.61 (95% CI: 1.28-2.03) to 1.12 (95% CI: 0.85-1.48). In this model, financial difficulties, owning less books, psychological distress and no health-related support were significantly associated with poor SROH, in addition to the behavioural factors. Table 4 shows that the slope of the income gradient in SROH was substantially attenuated by the inclusion of material factors (model 1) and behavioural factors (model 2) but not by cultural and psychosocial factors (models 3 and 4). In the full model (model 5), the association between income and SROH was no longer statistically significant after the combined inclusion of material, behavioural, cultural and psychosocial factors. Simultaneous inclusion reduced the OR for poor oral health of the lowest income category from from 3.18 (95% CI: 2.13-4.74) to 1.48 (95% CI: 0.90-2.45). The same factors as in table 3, model 5 were significantly associated with poor SROH, with the exception of psychological distress.
There was significant interaction between education level and income with dental attendance in the models of tables 1-3: the association between irregular dental attendance and poor oral health (lower number of teeth or poor SROH) was much stronger in the high education and high income group, compared with the lower Notes: Negative binomial regression, Rate ratio (RR) were weighted to account for the sampling strategy within the GLOBE study. '1' refers to the reference category. NA (not applicable) refers to a variable that was excluded from the model using stepwise backward selection. a: All models are adjusted for age, sex, ethnicity and cohabitation. b: Mean number of teeth: 27.6 AE 6.1 (high education), 25.1 AE 8.5 (middle education) and 18.0 AE 11.6 (low education).
education or income group. No interactions were found between education level and income and any of the other mediators.
Discussion
The findings of this study suggest that material, behavioural, cultural and psychosocial factors are all important factors contributing to the explanation of socioeconomic inequalities in adult oral health. In general, for both educational level and income level, behavioural factors contributed most to the explanation followed by material factors, while the contribution of cultural and psychosocial factors was relatively moderate. Our study supports the view that oral health behaviours contribute to socioeconomic inequalities in oral health and should be included in explanatory models. This is in contrast to three previous studies [28] [29] [30] who showed that variation in health behaviours accounted for only little of the socioeconomic gradient in oral health. Yet, our results of the relative importance of the behavioural explanation require some remarks. First, only a subset of oral behaviours were assessed in this study, with dental attendance being the main contributing behavioural factor. However, Sabbah et al., 31 showed that the impact of dental attendance on educational gradients in caries increment was relatively low in comparison to other key behaviours, such as toothbrushing (and the concomitant use of fluoride) and sugar consumption. Hence, the contribution of behavioural factors in our study, such as dental attendance, could have been overestimated by the absence of other relevant oral health behaviours. Second, edentulous people have lower needs of care 32 and may be less inclined to regularly visit the dentist. This too may have led to an overestimation of the contribution of dental attendance. Third, there is conflicting evidence whether regular dental attendance in higher socioeconomic groups actually leads to better oral health or whether it is an indication of general attitudes, healthy lifestyle and concern.
11 Meanwhile, poor care seeking in lower socioeconomic groups is more likely a reflection of barriers to costs and poor access to dental services, 15, 33 which affirms the material explanation.
Material factors also explained a substantial proportion of socioeconomic inequalities in oral health. Material risk factors, such as financial difficulties and poor living conditions, could exert a direct influence on oral health. 34 Though their influence likely operates, to a larger extent, through health behaviours and psychosocial factors. Much research inferred that health behaviours are embedded in the social environment and are thus determined by material living conditions and (resulting) psychosocial factors, such as stress and social support. 22, 35, 36 This suggests that there might be 'overlap' in the contribution of material, behavioural and psychosocial factors in explaining socioeconomic inequalities in oral health, because of their independent (direct) as well as their shared (indirect) influence. The mechanism through which cultural factors are related to oral health inequalities is worth further investigation.
Significant interaction was found between education level or income with dental attendance, showing a stronger association between irregular dental attendance and poor oral health in the high education or high income group, compared with the lower education or income group. In the high education or income group, participants with poor oral health were much more likely to never visit the dentist or for emergency treatment only, compared with participants with good oral health. In the lower education or income group, participants were generally more likely to never visit the dentist or for emergency treatment only in comparison to the high education or income group, irrespective of their oral health status. This could indicate that people from lower SEP may perceive other barriers to regularly visit the dentist than people from higher SEP, which could plausibly relate to financial or attitudinal factors.
Explanatory factors were slightly different depending on the oral health outcome studied. For example, financial difficulties and health-related support were significantly associated with SROH, while housing tenure was associated with the number of remaining teeth. Although both SROH and tooth count information provide valid information on a person's clinical oral health status, 22, 23 they measure different aspects of oral health. SROH is a Notes: Logistic regression, Odds ratio (OR) were weighted to account for the sampling strategy within the GLOBE study. '1' refers to the reference category. NA (not applicable) refers to a variable that was excluded from the model using stepwise backward selection. a: All models are adjusted for age, sex, ethnicity and cohabitation. b: Percentage with poor SROH: 20% (high education), 26% (middle education) and 33% (low education).
subjective measure, which could reflect current disease, pain and functional limitations, while number of teeth could be an indication of disease history. This may explain why some potentially time-varying factors, such as financial difficulties, were related to SROH, and potentially more stable factors, such as housing tenure, were indicative of number of teeth.
The findings of this study should be considered in the context of some limitations. This study included a balanced and literaturebased selection of relevant factors representing the explanatory mechanisms. Yet, inequalities in the number of natural teeth persisted for the lowest income and education group after full adjustment of behavioural, material, psychosocial and cultural factors. This suggests that there are other relevant explanatory factors that have not been investigated in this study, including e.g. working conditions, life events, health beliefs, coping or other aforementioned oral behaviours, such as oral hygiene and the frequency of sugar consumption. Inclusion of these factors may yield a more complete and potentially different estimate for each contribution. Another limitation is that all factors were assessed once at a single point in time. Because some factors are not temporally stable, repeated measurements over time would improve the accuracy of estimates. In addition, all factors were assessed through self-report, which could have introduced bias as a result of socially desirable answers. These potential errors in measurement may also explain why inequality in the number of teeth persisted in fully adjusted models. Furthermore, this study was based on cross-sectional data, since longitudinal data was only available for 40% of participants of the fifth wave of the GLOBE study, and earlier waves of the GLOBE study did not include information on oral health. The cross-sectional design limits the possibilities for causal inferences. Follow-up data is needed to corroborate our findings and investigate causal pathways. Moreover, there is a possibility of reverse causality, with oral diseases leading to lower educational attainment, low self-esteem, reduced work opportunity and subsequent lower SEP. This risk is however minimal, as most evidence shows that health inequalities are not driven by selection effects and that SEP precedes health outcomes. 37 Apart from the material, behavioural cultural and psychosocial theory, the literature describes the lifecourse theory as another perspective to explain health inequalities. The lifecourse theory asserts Notes: Logistic regression, Odds ratio (OR) were weighted to account for the sampling strategy within the GLOBE study. '1' refers to the reference category. NA (not applicable) refers to a variable that was excluded from the model using stepwise backward selection. a: All models are adjusted for age, sex, ethnicity and cohabitation. b: Percentage with poor SROH: 15% (>E4000/month), 21% (E2600-4000/month), 26% (E1800-2600/month), 31% (E1200-1800/month) and 40% (E0-1200/month).
that health status at any given age is the result of material, psychosocial and biological advantages and disadvantages experienced over an individual's entire lifespan, from conception onwards. 11 There are two models within this theory: the cumulative model suggests that exposures throughout life have a cumulative effect on health, and the critical periods model suggests that an exposure during a specific time window can have an irreversible effect on later health. Despite the evidence supporting the application of the lifecourse perspective to oral health, 11, 38 this study could not employ a lifecourse approach because it heavily depends on the availability of longitudinal data, ideally from birth cohort studies. However, its findings are useful to inform future longitudinal research to assess how the explanatory factors from this study influence the development of oral health inequalities from early life to old age.
In conclusion, findings of this study showed that material, behavioural, cultural and psychosocial factors all contribute to the explanation of educational and income-related inequalities in adult oral health. This corresponds with literature on inequalities in general self-rated health and mortality. 35, 39 Although behavioural factors contributed most to the explanation, interventions should not narrowly focus on behaviours alone. According to our findings, to effectively address socioeconomic inequalities in oral health, material, psychosocial and cultural conditions should also be taken into account.
